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The benefits of giving up smoking have been constantly stressed, especially in the case of women, among whom smoking rates have been increasing. 1 Two-thirds of all deaths of women smokers in the United Kingdom are caused by smoking in their 50s, 60s, and 70s, 1 and the figures are likely to be similar in other industrialized countries. 2 Breast cancer was recently included among the 30 most common specific causes of death among smokers, 1 and it is emerging that smoking before first childbirth may also be one of the specific risk factors involved. 3 Breast cancer is by far the most frequent form of cancer occurring among women-it accounts for 23% of all cases of cancer in womenand ranks second overall (10.9% of all cases of cancer in both sexes combined). 2 In female BRCA1/2 carriers, smoking may increase the risk of breast cancer, especially when the mutations are located in specific sites. [4] [5] [6] Several authors have studied the effects of the disclosure of BRCA1/2 genetic test results on specific strategies for preventing breast/ovarian cancer, such as breast cancer screening and prophylactic surgery. [7] [8] [9] Although women's screening practices have been found to correlate with their families' history of breast cancer, the lifestyle risk factors seem to be similar to those of women with no family history of cancer. 10, 11 Little information is available about the lifestyle habits of BRCA1/2 carriers after the disclosure of genetic test results. Preliminary findings have shown that women applying for genetic testing may have better health-related practices than members of the general population. 12 The aim of this prospective study was to measure the smoking habits of cancer-free women who applied for genetic testing because a BRCA1/2 mutation had been identified in their family and to identify the potential determinants of any changes in their smoking rates over time, such as their medical, genetic, sociodemographic, and psychological characteristics. To our knowledge, no previous studies have focused on this issue.
MAtEriALS And MEtHodS

Study population and study sample
In the framework of the ongoing French national Gene Etude Prospective Sein Ovaire (GENEPSO) project, managed by the French Cancer Genetic Network, cancer-free BRCA1/2 mutation carriers were recruited in a routine consultation context at Submitted Original research article cancer genetic clinics between 2000 and 2006. Non-mutation carriers from families in which a BRCA1/2 mutation had been identified were included as well as unaffected carriers, and both groups constituted the GENEPSO PsychoSocial (PS) cohort. Cancer-free women were then recruited and included before disclosure of their genetic test results, and they were subsequently followed for 5 years. Any incident breast/ovarian cancer cases (n = 22) were excluded from the statistical analyses as soon as cancer was detected.
data collection
Self-administered questionnaires were filled out by the women at various follow-up times: the first baseline questionnaire was completed at the cancer genetic clinic just before disclosure of the genetic test results (questionnaire Q M0 ), and four other questionnaires were mailed to participants' homes and completed 6, 12, 24, and 60 months after delivery of the results (in questionnaires Q M6 , Q M12 , Q M24 , and Q M60 , respectively). Cancer geneticists completed an inclusion form providing baseline medical information and clinical follow-up data on the carriers. The study was approved by the French National Commission for Data Protection and Privacy (Commission Nationale de l'Informatique et des Libertés).
Assessment of smoking
The dependent variable studied here was the declared cigarette consumption rate, expressed as the average number of cigarettes smoked per day at the time the questionnaire was completed. This variable was quantified before and after disclosure of the participants' genetic test results (in questionnaires Q M0 , Q M6 , Q M12 , Q M24 , and Q M60 ).
Assessment of medical, sociodemographic, and psychobehavioral characteristics
Medical variables collected in the baseline medical questionnaire included body mass index, BRCA1/2 mutation carrier status, and occurrence of risk-reducing mastectomy during the follow-up period. Sociodemographic variables collected in the baseline questionnaire included age, level of education, marital status, and occupational activity.
Psychological and behavioral variables included cancer risk perception (other than the breast and ovarian cancer risks) and the participants' alcohol consumption. The presence of highly depressive symptoms at each point during the follow-up period was assessed using the French version of the Center for Epidemiologic Studies Depression scale, 13, 14 which consists of 20 items generating scores of 0, 1, 2, or 3. The overall score was dichotomized using the value of 23 as a cutoff point, as previously recommended for identifying French women with highly depressive symptoms.
13,14
Statistical analysis
Data were recorded and checked for consistency before statistical analysis using SAS 9.3 software (SAS Institute, Cary, NC) was performed. The characteristics of the study sample were described in the study population as a whole and in two subsamples defined in terms of whether they participated. Only women who had declared their cigarette consumption practices before delivery of their BRCA1/2 mutation test results, including nonsmokers, and subsequently answered these same questions at least once during the follow-up period were eligible to participate and were included in the statistical analysis.
The participants' smoking patterns (expressed as the number of cigarettes smoked per day) before delivery of their genetic test results were analyzed as a dependent variable depending on individual characteristics using a zero-inflated Poisson (ZIP) regression model. [15] [16] [17] The ZIP model can be used to deal with data with a mixed distribution: a binomial distribution to deal with the zero versus nonzero groups (i.e., nonsmokers versus smokers in this case) and a Poisson distribution to deal with the nonzero part of the distribution (i.e., the number of cigarettes smoked among the smokers in this case). Various sets of covariates were included in this model-one for the binomial process and one for the Poisson process-which is particularly suitable in the context of studies of the determinants of smoking behavior because it can be assumed that some characteristics may be associated only with either smoker/nonsmoker status or smokers' consumption of cigarettes.
The cigarette smoking pattern over time was analyzed as a dependent variable depending on individual characteristics, using a random effect mixed ZIP regression model. Our model was therefore designed to take into account the intraindividual correlations possibly involved in the participants' smoking behavior (the subject effect was taken to be a random effect in both parts of the ZIP model). The full model included all the preselected variables identified as potential determinants of the participants' smoking practices over time, and, after adjusting for forced covariates (age, time, smoking before disclosure of the genetic test results), a backward-selection procedure was applied to select the significant independent variables (P < 0.05). Akaike and Bayesian information criteria were used to determine the final model. We did not impute missing data at follow-up; the use of a model for repeated measures enabled us to include a maximum amount of information in the presence of missing data at follow-up. 18 We compared the 5-year respondents/nonrespondents' previous tobacco consumption measurements (Q M6 , Q M12 , Q M24 ) to check that we had not lost the heaviest smokers.
Sensitivity analysis
Two sensitivity analyses of the data were performed, first because nonparticipants had higher cigarette consumption rates at baseline ( Table 1) , and second because women who had undergone risk-reducing mastectomy might have been advised by their health-care providers to refrain from smoking before breast reconstruction, for medical reasons. 19 In the first sensitivity analysis, the missing follow-up smoking characteristics were imputed using the last observation carried forward approach; and the 30 women who underwent risk-reducing mastectomy were excluded from the second sensitivity analysis.
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Sample characteristics
During the study period (2000) (2001) (2002) (2003) (2004) (2005) (2006) , 621 women were included in the GENEPSO PS cohort, 580 (93.4%) of whom participated in the current follow-up study. Baseline descriptive characteristics of the participants and nonparticipants are presented in Table 1 . The two groups were similar in terms of all the characteristics tested, except for their smoking habits. Nonparticipants smoked more frequently and more intensively than participants (P < 0.01).
Baseline smoking characteristics
The characteristics of the baseline smoking patterns (before delivery of genetic test results) are presented in Table 2 . According to the multivariate analysis and the zero-inflated part of the model, the probability of being a nonsmoker was associated with older age (P < 0.001) and lower alcohol consumption (P = 0.006). A lower cigarette consumption ratio (among smokers; the Poisson part of the model) was associated with having a higher level of education (P < 0.001), not being married (P = 0.007), and having a lower perception of risk for cancer other Original research article than breast/ovarian cancer (P < 0.001), a lower ratio of alcohol consumption (P < 0.001), and a lower body mass index (P < 0.001).
Factors determining changes in smoking behavior
The observed patterns of smoking behavior over time depending on BRCA1/2 mutation status showed that the percentage of smokers generally remained stable and that the mean cigarette consumption decreased in BRCA1/2 carriers ( Table 3) . In BRCA1/2 carriers, the number of cigarettes smoked per day showed a clear-cut decrease 2 years after disclosure, but it tended to increase again 5 years after disclosure. The factors determining the changes in smoking habits with time are presented in Table 4 (bivariate analyses) and Table 5 (multivariate analyses). In the mixed bivariate ZIP regression analysis, each covariate was included in both parts of the model (the binomial part and the Poisson part), along with forced covariates (age, time, cigarette consumption before disclosure of genetic test results, and random effects). After adjusting for forced covariates, being a BRCA1/2 mutation carrier was the only characteristic found to be significantly associated with the Poisson part of the model (adjusted hazard ratio= 0.83; 95% confidence interval: 0.69-0.99; P = 0.043). Depressive symptoms, age, and alcohol consumption included in the ZIP models were the variables collected at each time of the prospective follow-up. The comparisons between the 5-year respondents and nonrespondents did not show the existence of any differences in terms of tobacco consumption from Q M0 to Q M24 . This means that the 30% of the participants who did not complete the Q M60 were not heavier smokers than the others. Because nonparticipants had consumed more cigarettes at baseline (Table 1) , a sensitivity analysis was carried out on this group. The above association was still found to be significant (N = 606; adjusted hazard ratio= 0.83; 95% confidence interval: 0.70-0.98; P = 0.030).
Because risk-reducing mastectomy/breast reconstruction may incite women to smoke less, another sensitivity analysis, excluding the 30 women who underwent this intervention, was carried out. The above association was still found to be significant (adjusted hazard ratio= 0.82; 95% confidence interval: 0.67-0.99; P = 0.041).
diScuSSion
This is the first prospective study of the smoking habits of unaffected BRCA1/2 carriers/noncarriers during the 5-year period after their BRCA1/2 test results were disclosed. This study shows that no change in the prevalence of smokers occurred after disclosure of the participants' BRCA1/2 test results. The most noteworthy finding after adjusting for the participants' baseline cigarette consumption practices was that the number of cigarettes smoked per day by BRCA1/2 carriers decreased significantly compared with that of the noncarriers. Mutation status was the only significant predictor of behavioral change. Baseline smoking was found to depend on age, educational level, marital status, alcohol consumption, body mass index, and cancer risk perception. Original research article
As far as we know, the preventive information delivered in the context of cancer genetic clinics is risk specific and does not cover the major cancer risk factors, especially lifestyle risk factors such as smoking. 20 Here, we assumed that the disclosure of cancer genetic test results may affect cancer worry and risk perception and thus prompt patients to spontaneously take multiple cancer risk-reduction measures. This assumption turned out to be only partly true-no changes were observed in the prevalence of smokers/nonsmokers during the 5 years that elapsed after disclosure of the cancer genetic test results. However, the number of cigarettes smoked per day by BRCA1/2 carriers decreased significantly in comparison with that of noncarriers, although the former group's smoking practices tended to increase again at the 5-year assessment. Although this decrease was statistically significant, its clinical significance was marginal and does not seem likely to have decreased the risk of cancer in this study population. It is worth noting that the baseline prevalence of cigarette smokers in the cohort (25%) was comparable to that observed in the corresponding French female population at the time of the survey. 21 Our participants' weight 22 and alcohol consumption characteristics also were comparable to those of the general French female population in this age group. a Covariance between the random effects of the two parts of the model (P = 0.024). 
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It seemed likely that BRCA1/2 test result disclosure might prompt carriers to make behavioral changes, such as reducing their cigarette consumption, in order to decrease their overall risk of cancer. The statistically significant decrease observed here in BRCA1/2 carriers' daily smoking rates suggests that in the future it might be possible to discourage women from smoking in the context of genetic tests. Proactive antismoking approaches such as those recently promoted 24 might have positive effects on these populations if they are applied during the process of disclosing genetic test results. Because smoking in women is becoming a serious public health issue, and because it is so difficult to change people's smoking habits, 25 this possibility would be worth investigating further, in line with previous studies in other medical contexts, using suitable experimental procedures for assessing the long-term impact of multiple risk-prevention interventions on populations of young women at risk. The term "teachable moment" has been used to suggest that health events can be powerful motivators for health-improving changes, promoting healthy habits and discouraging unhealthy ones, 26, 27 especially in primary-care settings 28 ; this could also be one of the new goals of the comprehensive educational programs currently being developed in the field of genomic testing. In the context of smoking, three criteria for determining whether a cueing event is significant enough to be a teachable moment have been proposed: the extent to which the event increases people's personal risk perceptions and outcome expectancies, the extent to which the event prompts strong affective or emotional responses, and the extent to which the event redefines the self-concept and social roles. 26 The assumption that these three criteria are met during the disclosure of BRCA1/2 test results led us to examine whether this event might be a teachable moment for inciting consultees to give up smoking. Cancer genetic testing has been reported to increase cancer worry among women belonging to families with hereditary breast/ovarian cancer, especially those found to be mutation carriers, whereas noncarriers were relieved of their worry. 9, 29 But whether an event is likely to be a teachable moment for inducing behavioral changes is thought to depend on the individual's subjective interpretation of the significance, cause, and meaning of the event. 26 Because little evidence is available so far about smoking as a risk factor for breast cancer, the challenging results obtained here shed light on the fact that smoking may be marginally perceived as an overall threat in families with BRCA1/2 mutations. Fear of cancer in these families seems to be distinctly site specific rather than being perceived as an overall threat. Cancer diagnosis, cardiovascular events, and the discovery of pregnancy are known to be associated with the sudden cessation of smoking, 26 but understanding how cancer-related worry contributes to creating a teachable moment for reducing multiple risk factors is still a challenging issue. 30 Only a few studies to date have focused on the impact of genetic testing on actual lifestyle risk behavior. Vassy et al. 31 studied participants' intentions after presenting them with hypothetical scenarios about genetic testing for heart disease, type 2 diabetes, and stroke; those with a high risk of type 2 diabetes were found to be more motivated to make changes in exercise levels and diet than the other patients. O'Neill et al. 32 studied diet and physical activity in 46 BRCA1/2 carriers and 23 definite noncarriers, without looking at their smoking habits. A few studies, mostly in the field of colorectal cancer, [33] [34] [35] focused on reducing multiple cancer risk factors, including smoking. The latest technical developments in the field of genomic testing suggest that genomic test procedures will have to include the provision of multiple-risk information 36 and that the issue of consultees' subsequent behavior is certainly a highly challenging one. 37 Three of the main limitations of this study need to be discussed. First, nonparticipants were more frequently found to be smokers and to have higher cigarette consumption rates than participants (Table 1) ; second, the attrition rate may have affected the final results; and third, the recommendation not to smoke when breast reconstruction is performed after prophylactic mastectomy may have biased the results. 19 To deal with the first limitation, we performed a sensitivity analysis including women who answered only the baseline questionnaire, using their baseline smoking characteristics to impute their subsequent habits during the follow-up period in order to determine whether this would affect the results, which was not found to be the case. To address the second limitation, we compared the last smoking practices of those who were lost/not lost during the 5-year follow-up period and found no differences in the 0-, 6-, 12-, or 24-month consumption rates between those two groups; these results show that there was no selective bias in the outcome variable. Last, to address the third limitation, we checked that the decrease in the carriers' smoking practices observed here cannot be definitely attributed to undergoing risk-reducing mastectomy or to the indication of breast reconstruction. We also looked at the patients' alcohol consumption, which was significantly associated with their baseline smoking behavior but not with the changes in their smoking habits during the follow-up period.
In conclusion, this study of the smoking habits of unaffected BRCA1/2 carriers/noncarriers shows that no change in the prevalence of smokers occurred during the 5 years after the disclosure of these women's BRCA1/2 test results. In the short term, however, the number of cigarettes smoked per day by BRCA1/2 carriers decreased significantly (by 20%, on average) compared with that of noncarriers. The clinical significance of these results could be improved if the process of cancer genetic testing were regarded as an opportunity for conveying general information about both clinically significant lifestyle and genetic risk factors. Further studies will be required to elucidate the interactions between individuals' multiple preventive efforts in populations of this specific kind.
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